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INTRODUCTION

Breast cancer (BC) is the second most common

ABSTRACT

Background: Breast cancer represents the most common form of cancer among women
and is a leading cause of cancer-related deaths. Timely identification is crucial for
improving therapeutic outcomes. Objective: This study examines the functions of
Programmed cell death -1 (PD1) and Programmed death-ligand 1 (PD-LI)in the
preliminary detection of breast cancer in Iraqi women. The aim of the study is to
characterize the functional implications of single-nucleotide variations in programmed
cell death 1 (PD-1) and programmed death ligand 1 (PD-LI) in conjunction with other
peripheral immune checkpoints to assess the immune competence of breast cancer
patients, and to evaluate the gene and protein expression levels of immune checkpoints
such as PD-1 and PD-LI in samples obtained from patients diagnosed with breast
cancer. Methodology: A case-control study was conducted involving 70 women
diagnosed with malignant breast cancer,25 benign breast tumor and 25 healthy controls.
Blood samples were collected, and immunological parameters, including PD1 and PDLI
levels, were measured using the ELISA technique, in addition molecular study to
determine expression levels of PDI and PDLI were quantified using quantitative real-
time PCR (qPCR). Results: The results showed that the ages 50-59 years, had the
highest percentage of breast cancer patients. Histologically, invasive ductal carcinoma
(IDC) was the most common type. BMI was associated with an increase in breast cancer
risk in women. The results showed highly significant differences in PD-1 concentration
between healthy subjects (1.627+0.12 aa), and patients with benign (9.246 + 1.27 aa)
and malignant (18.021+0.61 aa) tumors at a significance level of P = 0.0001**, and the
LSD test (2.607) confirmed the significance of the differences between the groups.
PDL 1 increased in Benign (8.615+0.32), and Malignant (12.768+0.49) breast disease
patients compared with apparently healthy controls (4.339 £0.44). PD1 and PDLI1 gene
expression levels were elevated in malignant breast cancer, with fold increases of 2.8
and 3.1 times, respectively, compared to benign cases. Conclusion: The results of the
current study indicate that elevated levels of PD1 and PDLI are closely associated with
breast cancer malignancy, suggesting their potential role as biomarkers for early
detection.

about one hundred times more in men. Medical
professionals believe that early treatment significantly
improves recovery chances and reduces morbidity and

malignant tumor and one of the main causes of cancer-
related deaths among women worldwide. It accounts for
approximately 30% of all cancer cases'. Women
diagnosed with breast cancer comprise approximately
36% of all oncology patients. It is estimated that around
2.089 million women received a diagnosis of breast
cancer®* . Breast cancer comprises a variety of different
malignancies that occur in the mammary glands®
Carcinomas are the most common type of breast cancer,
while sarcomas like phyllodes tumors and
angiosarcomas are rare®. The major hazard factor for
breast cancer is being female, and its prevalence is
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mortality risks. Therefore, specialists recommend
screening strategies for early diagnosis® .

Despite advancements in medical treatments, this
condition accounts for approximately 685,000 deaths
annually, representing 16% of all cancer-related
fatalities among women’. Recent advancements in
immunotherapy have shown new approaches for breast
cancer treatment, primarily via modulating immune cell
activities inside the tumour microenvironment tumour
(MET). Tumours have the ability to circumvent immune
surveillance which promote their growth and change the
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microenvironment tunour to inhibit immune cell
function?® .

Protein specific as immune checkpoint regulate:
initiation or stop response via activated or deactivated,
serving as switches for immune functionality.PD-/ and
its ligand, PD-LI, are critical protein specific as
immune checkpoint which negatively affect the
operation and equilibrium the action of cell immune
type ( T cell ),the last responsible for recognizing and
destroying host infected cells, including carcinoma
cells’.

PD-1 is present in T-cells, while PD-L] is frequently
located in cancer cells. The interaction between PD-1
and its ligand PD-LI can trigger an inhibitory signal®
Jleading to a reduction in T-cell activity and a decrease
in anti-tumor immunity. These proteins function as
crucial immune checkpoint regulators that negatively
influence the balance and effectiveness of T-cell
immune responses’.

METHODOLOGY

Study Design

This observational case-control study encompasses
120 women divided into three groups: 70 Iraqi women
aged 23-72 years who were newly diagnosed with
malignant breast cancer without a history of receiving
any treatment like chemotherapy or radiotherapy and 25
women diagnosed with benign breast tumor. Samples
were collected at Baquba Teaching Hospital and Al-
Amal National Hospital for Oncology Treatment in Iraq,
from January 2025 to June 2025.

Blood samples were obtained from these women
after performing several diagnostic procedures,
comprising clinical examination, ultrasound,
mammogram, and multiple laboratory tests. A biopsy
was conducted to confirm the diagnosis of breast
cancer, In addition a control group of 25 healthy women
aged matched (22—70 years ) was included in the study.
They did not have any tumor, fibrosis, mass, or
inflammation in the breast without any surgical
intervention or nipple secretions, and they were
confirmed by conducting a clinical examination,
ultrasound, and mammography to ensure that there was
no tumor in the breast or other problems. The clinic-
pathological characteristics included tumor grade and
hormonal status as well as HER2 status. Verbal consent
was obtained from all participants to ensure that they
were fully informed of the study objectives and benefits.

Exclusion criteria: Patients with other cancer or
metastasis, treated patients with chemotherapy,
radiation, hormonal or other anti-cancer drugs, presence
of any other autoimmune or chronic disease, taking any
biological agents and recent blood transfusions (during
the last 6 months).

Ethical approval

This study was conducted based on the ethical
standards stipulated in the Declaration of Helsinki.
Before collecting the samples, the oral and written
acceptance was obtained from the patients. The study
protocol and subjects’ information were obtained from
the local ethics committee on the basis of document
number 101 dated 13/4/2025.

Sampling

Six milliliters of venous blood were collected and
distributed into two parts. A volume of two milliliters of
blood was introduced into a tube containing Ethylene
Diamine Tetra acetic Acid (EDTA). and then take 250
whole blood to 500ul trizol , while four milliliters of
blood were placed in a dry clean gel tube. The blood, in
the gel tube, The sample was permitted to coagulate for
a period of 15 minutes at ambient temperature,
subsequently centrifuged at 2000 revolutions per minute
(rpm) for 10 minutes to separate the serum. The serum
was divided among four sterile, carefully sealed
Eppendorf tubes and kept in a deep freezer at -80°C
until it was analyzed.

Methods
ELISA Test:

Determination of Human Programmed Death 1(PD-
1) and Programmed Death 1 ligand (PD-LI) in patient
serum was done by enzyme-linked immunosorbent
assay (ELISA) The kit functions as a sandwich enzyme
immunoassay designed for the in vitro quantitative
assessment of PD/ and PDLI .( YL Biont Catalog No:
YLAO0396HU)

Molecular Study:

The molecular analysis included the Determine of
the Expression levels of PD1 and PD-L1 using qPCR.
RNA isolation, cDNA synthesis, and Real-Time PCR

TRIzol (Life Technologies) were used for isolation
of total RNA, while cDNA was prepared from RNA
through Easy Script® First-Strand cDNA Synthesis
SuperMix. The second section it’s done by selected the
cDNA sample from control and patient , two PCR tubes
were used for each sample, one for gene ( PDI ) the
second for (PDL-1). The detection of Quantity
determination based on fluorescent power of Syber-
GreenThe following primer sequences were used for
semi-quantitative and Realtime PCR PD-LI, sequences
for primer were obtained from Invitrogen. The sequence
of PD-1, PD-L1, and GAPDH primers used in this study
can be seen in Table 1.

The Power SYBR Green PCR mix (ThermoFisher
Scientific) was used for real-time RT-PCR on the Step
One Plus Real-Time PCR System. The thermal cycling
conditions were as follows in Table 2. GAPDH was
used as the internal control gene. ACt values were
computed by subtracting GAPDH Ct from PD-LI Ct.
Relative expression levels were calculated using the 2”-
AACt method and using the benign group as a
reference!!.
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Table 1: Primers used in real-time PCR
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Name Sequence Product size Reference
PDI-F TCTGTGGACTATGGGGAGCTG 198bp Newly designed in based on
PDI-R AGAGCAGTGTCCATCCTCAGG NM 005018.3
PDLI-F TGCCTTGGTGTAGCACTGACA 195bp Newly designed in based on
PDLI-R CAGCCCCGATGAACCCCTAAA NM 0141434
GAPDH-F ATCACCATCTTCCAGGAGCGA 157bp Newly designed in based on
GAPDH-R CAGAGGGGGCAGAGATGATGA NM_002046.7
Table 2: The thermal cycling conditions
Cycle Step Temperature Time Cycles
Initial Denaturation 95°C 60 seconds 1
Denaturation 95°C 15 seconds 45
Extension 60°C 30 seconds (+plate read)
Melt Curve 60-95°C 40 minutes 1
Statistical Analysis tumors were over 50 years old. Regarding body mass

The Statistical Packages of Social Sciences (SPSS-
26) (IBM® USA) was used to analyze and interpret data
and determine the impact of various factors on study
parameters expressed as frequency and percentages. The
Chi-Square test of independence was used to and SD-
Least Significant Difference test facilitated a
meaningful comparison of these percentages, enabling a
detailed examination of the relationships between the
variables. The independent samples t test was used to
determine the difference between continuous data which
were expressed as Mean+SD. The level of significance
was set as p<0.05 .

RESULTS

Table 3 represents a statistical comparison of age
which shows that the most frequent age group in the
malignant tumor group was 50—59 years, with 26 cases
(38.99%), followed by the age group 60 years and older
with 18 cases (28.99%), then the age group 40—49 years
with 14 cases (19.72%), and finally the age group <30—
39 years with 9 cases (12.68%). In the benign and
healthy groups, the age group 50—59 years was also the
most frequent, with 4 cases (40%) in each group,
indicating that the majority of women with malignant

index (BMI), it was found that the majority of those
with malignant cancer were overweight (77.46%) (55
women), while the percentage of those with normal
weight was 22.54% (16 women). Conversely, the
obesity rate was higher in the benign tumor group
(80%), indicating a difference in the pattern between the
groups.
PD-1 levels in studied groups

The results in Table 4 compares the concentration of
PD-1 protein between the three study groups (healthy
individuals, benign tumors, and malignant tumors).
There were highly significant variances (P = 0.0001%%*)
among these three groups. The least significant
difference (LSD = 2.607) test also indicated that the
differences between the average were significant
variances present at the P<0.01 level.
The mean PD-1 concentration in the healthy group was
1.627 + 0.12 ng/ml, In the benign tumor group, the
mean increased to 9.246 + 1.27 ng/ml, a significant
difference from the healthy group. In contrast, the
malignant tumor group had the highest mean PD-I
concentration, 18.021 £ 0.61 ng/ml, a significant and
statistically significant increase compared to the other
two groups.

Table 3: Statistical Comparison of Age and Body Mass Index (BMI) Across Study Groups

Study group (N/%)
Factggrand level Healthy group | Malignant group | Benign group P-value
(<30-39) 4 (40%) 9 (12.68) 10 (50)
(40-49) 0 (0%) 14 (19.72) 2(10) 0.0001%*
Age groups (50-59) 4 (40%) 26 (38.99) 4(20) ’
(60=70) 2 (20%) 18 (28.99) 4 (20)
Median 50 51.5 42
Body mass Over weight +obese 4 (40%) 16 (22.54) 8 (80) 0.000] **
index (BMI) Normal 6 (60%) 55 (77.46) 2 (20) )
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Table 4: Average values and standard deviation of
PD1 concentration

Group of study Mean £SE
Healthy 1.627 £0.12 ¢
Benign 9.246 +1.27b
Malignant 18.021 +0.61 a

L.S.D. 2.607 **

P-value 0.0001
The different letters in same column indicate
significant variances , ** (P<0.01).

Table 5 shows clear statistical differences in the
average of PDL-1 concentration between the three
groups. The malignant tumor group recorded the highest
mean concentration, 12.768 + 0.49, followed by the
benign tumor group, with a mean of 8.615 £ 0.32, while
the control group recorded the lowest mean, 4.339 +
0.44.

These differences indicate a gradual increase in
PDL-1 concentration from healthy individuals to those
with benign tumors, reaching its highest levels in
malignant tumors. The results showed highly significant
differences at the P = 0.0001 level, with an LSD value
of 1.894.

Table 5: Average values and standard deviation of
PDL-1 concentration

Volume 35/ No.3 / July 2026 xxx-Xxx

Group/ Type Mean £SE of PDL-1
Control 4.339 +£0.44
Benign 8.615+0.32
Malignant 12.768 +0.49
L.S.D. 1.894 **
P-value 0.0001
The different letters in same column indicate
significant variances , ** (P<0.01 ** (P<0.01).
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Molecular study:

The results of current study revealed that the mean
fold of PDI expression (3.61+2.73) of the malignant
group differed statistically significantly (p=0.048) from
that of the benign group (1.02+0.24), as well as, it is
found that the mean fold change of the PDLI of the
malignant and patients groups represented by
3.8342.31; 1.06+0.35, respectively are statistically
significantly different (p=0.014) (Figure 1).

M Fold_PD1
M Fold_PDL1

40

Meanfold

Malignant Begnin

Fig. 1: Mean fold comparisons of PDI and PDL]I.

The results of this study indicated that the PD1 gene
fold change increased by 2.82 times in the malignant
group in comparison to the benign while that of the
PDL]I increased by 3.14 times in the malignant group
compared to the benign (Table 6 and Table 7).

Table 6: comparison of PD1 folding between benign malignant and groups.

Groups Means Ct (PD1) Means Ct (GAPDH) ACt 2-A¢ Fold
Malignant 30.072 21.1015 8.9705 0.001993 2.82
Benign 29.368 18.9 10.468 0.000706 1

Table 7: Comparison of PDL1 folding between benign malignant and groups.

Groups Means Ct (PDL1) Means Ct (GAPDH) ACt 2-ACt Fold
Malignant 30.2765 19.1515 11.125 0.000447756 3.14
Benign 31.278 18.5 12.778 0.000142377 1

DISCUSSION influences are all related to its progression. Studies
show that five to ten percentage of breast cancer cases
Tumors are typically characterized by low can be as a result of family history and genetic change

immunogenicity, largely as a result of their tumor
microenvironment (TME)'?. Breast cancer is among the
most common and prevalent malignant tumors
impacting women. The development and occurrence of
breast cancer arise from a variety of internal and
external  factors'>.  Unhealthy lifestyle choices,
environmental  factors, and social-psychological
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via mutation, while (20% ) to (30% )of breast cancer
occurrences can be associated with factors that may be
subject to modification!.

In the current study, the age distribution among
female breast cancer patients indicated that the most
prevalent group comprised women aged 50 to 59 years
(38.99%) and the smallest group was women aged <30-
39 years (12.68) . Based on the current data, we
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observed that malignant tumors of the breast occur
mostly more than 45 years of age, while benign tumors
occurred less than 45 years of age. The median age of
patients with breast cancer was 51.5 years, showing a
highly significant difference when compared to benign
tumor patients, who had a median age of 42 years. (P<
0.001), the results of present study agree with 516 |
while the results of the current study differ from those
of Huang et al., who found that most cancer cases
(50%) occurred among younger individuals aged 17-30
years, whereas the present study showed a higher
incidence among older age groups, suggesting that age-
related factors or regional variations may influence
cancer incidence differently in the studied population!’.

The results of this study revealed that higher body
mass index (BMI) was more predominant among all
study groups, there was also significant difference in
BMI among BC patients in comparison with benign
breast tumor and healthy control groups. Patients with
obesity are identified as having larger primary tumors
associated with breast cancer and a more advanced stage
of the disease at the point of diagnosis!® . Moreover,
inflammation associated with obesity facilitates not only
the onset but also the advancement of breast cancer, in
addition to the angiogenesis noted in the mammary
tissue of most individuals who are obese and diabetic!® .
In addition Obesity causes elevation of the prevalence
of breast cancer and plays important role in the
development of the infection. The obesity women who
develop breast cancer are more likely to present with
larger tumors?’.

PD-1, a member of the CD28/CTLA-4 subfamily
within the immunoglobulin (Ig) superfamily, is
expressed on T cells, B cells, myeloid cells, and natural
killer (NK) cells, and interacts specifically with its
ligands PD-L1 and PD-L2 22, Targeting the PD-1/PD-
L1 pathway has revolutionized cancer immunotherapy
across several malignancies, including melanoma, head
and neck squamous cell carcinoma, and non-small-cell
lung cancer 7. Upon ligand binding, PD-1 inhibits T-
cell activation and cytokine secretion, leading to
immune exhaustion, particularly in chronic diseases
such as tumors 2. Several studies have highlighted the
prognostic relevance of PD-L1 in breast cancer, where
elevated levels have been associated with reduced
overall survival 2*2% _ findings consistent with the results
of the present study. PD-L1 was a ligand of PD-1, PD-
L1 expression represents a significant biomarker for
prognostication and the prediction of sensitivity to PD-
1/PD-L1 inhibitors. PD-L] expression predominantly
occurs in tumor cells, tumor-infiltrating cells, and
antigen-presenting  cells (APCs) across many
malignancies 267,

According to the current study, the concentration of
PDL-1 was elevated in patients in both Benign, and
Malignant compared with apparently healthy individual
, which is consistent with a study conducted by 2 and
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expressed disagreement with multiple studies that
studied the PD-1/PD-L1 expression status in individuals
diagnosed with breast cancer, despite the findings being
inconclusive our results contradict those of a previous
study ?° which found the mean concentration of PDL I
in the serum of patients was determined to be 549.37
ng/L, whereas in the control group it was 594.22 ng/L.
Notably, significant differences were observed, with a P
value of 0.05.

The documented elevation of PD/ and PDLI in
malignant tissues, showing increases of 2.82-fold and
3.14-fold respectively, indicates a substantial function
for the PD1/PDLI axis in tumor immune evasion within
the examined cancer context . The results of this study
are largely consistent with recent research
demonstrating that malignant breast cancer exhibits
significantly increased expression of PD-I and its
ligand, PD-LI 3. This highlights its potential
therapeutic target, given the association between this
increased expression and aggressive tumor pattern and
poorer prognosis for patients 3!. Furthermore, the
current study supports the findings of a team of
researchers who combined the results of 37 publications
and demonstrated that observed PD-LI expression in
studies varies widely, with expression rates ranging
from 0 to 83% across subtypes 32. In line with our
research, we have demonstrated that PD-LI mRNA
expression in blood can serve as a biomarker predicting
breast cancer. The findings of this study revealed a
statistically ~significant difference in the mRNA
expression levels of PD-LI between benign and
malignant breast cancer patients. Elevated PD-LI
(CD274) expression in peripheral blood has been
reported as a potential biomarker for breast cancer
prognosis 3. This aligns with previous evidence
suggesting that increased PD-LI expression in tumor
cells, may serve as predictive biomarkers for patients’
responsiveness to immune checkpoint inhibitors 34 35,

CONCLUSION

The results of the current study indicate that elevated
levels of PDI and PDLI are closely associated with
breast cancer malignancy, suggesting their potential role
as biomarkers for early detection. These findings
highlight the importance of integrating immune
checkpoint markers into breast cancer diagnosis and
prognosis.

Declarations:

Consent for publication: Not applicable

Availability of data and material: Data are available
upon request.

Competing interests: The author(s) declare no
potential conflicts of interest with respect to the
research, authorship and/or publication of this article.

ejmm.journals.ekb.eg info.ejmm22@gmail.com



Agqeel et al./ A Comparative Study on PD-1 and PD-L1 Gene Expression in Malignant and Benign Breast, Volume 35 / No. 3 / July 2026 Xxx-XXX

This manuscript has not been previously published and
is not under consideration in another journal.

Funding: Authors did not receive any grants from
funding agencies.

10.

11.

12.

13.

REFERENCES

Hameed B, Al-Rayahi A, Muhsin S. The
preoperative serum levels of the anaphylatoxins
C3a and C5a and their association with clinico-
pathological factors in breast cancer patients.
Archives of Razi Institute. 2022;77(5):1873.

Nardin S, Mora E, Varughese FM, D'Avanzo F,
Vachanaram AR, Rossi V, et al. Breast cancer
survivorship, quality of life, and late toxicities.
Frontiers in oncology. 2020;10:864.

Wang J, Wu S-G. Breast cancer: an overview of
current therapeutic strategies, challenge, and
perspectives. Breast Cancer: Targets and Therapy.
2023:721-30.

Waks AG, Winer EP. Breast cancer treatment: a
review. Jama. 2019;321(3):288-300.

Al-Rayahi IA, Sanyi RH. The overlapping roles of
antimicrobial peptides and complement in
recruitment and activation of tumor-associated
inflammatory cells. Frontiers in immunology.
2015;6:2.

Dhillon A, Singh A. eBreCaP: extreme learning-
based model for breast cancer survival prediction.
IET Systems Biology. 2020;14(3):160-9.

Siegel HSJFR. GLOBOCAN estimates of incidence
and mortality worldwide for 36 cancers in 185
countries CA Cancer J Clin. 2021.

Hiam-Galvez KJ, Allen BM, Spitzer MH. Systemic
immunity in cancer. Nature reviews cancer.
2021;21(6):345-59.

Ghosh C, Luong G, Sun Y. A snapshot of the PD-
1/PD-L1  pathway.  Journal = of  Cancer.
2021;12(9):2735.

Chen Y, Pei Y, Luo J, Huang Z, Yu J, Meng X.
Looking for the optimal PD-1/PD-L1 inhibitor in
cancer treatment: a comparison in basic structure,

function, and clinical practice. Frontiers in
immunology. 2020;11:1088.

Schmittgen TD, Livak KJ. Analyzing real-time
PCR data by the comparative CT method. Nature
protocols. 2008;3(6):1101-8.

Al-Rayahi TA, Machado LR, Stover CM. Properdin
is a modulator of tumour immunity in a syngeneic
mouse melanoma model. Medicina. 2021;57(2):85.

Aizaz M, Khan M, Khan F, Munir A, Ahmad S,
Obeagu E. Burden of breast cancer: developing

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

countries perspective. Int J Innov Appl Res.
2023;11(1):31-7.

Sun Y-S, Zhao Z, Yang Z-N, Xu F, Lu H-J, Zhu Z-
Y, et al. Risk factors and preventions of breast

cancer. International journal of biological sciences.
2017;13(11):1387.

Ferlay J, Lam F. Global cancer observatory: cancer
today (Version 1.0). International Agency for
Research on Cancer. 2024.

Bayraktar S, Aydiner A. Breast Cancer in Older
Women. Breast Disease: Management and
Therapies, Volume 2: Springer; 2019. p. 325-35.

Huang Q, Zheng Y, Gao Z, Yuan L, Sun Y, Chen
H. Comparative efficacy and safety of PD-1/PD-L1
inhibitors for patients with solid tumors: A
systematic review and Bayesian network meta-
analysis. Journal of Cancer. 2021;12(4):1133.

Wang J, Cai Y, Yu F, Ping Z, Liu L. Body mass
index increases the lymph node metastasis risk of
breast cancer: a dose-response meta-analysis with
52904 subjects from 20 cohort studies. BMC
cancer. 2020;20(1):601.

Gajeton J, Krukovets I, Muppala S, Verbovetskiy
D, Zhang J, Stenina-Adognravi O. Hyperglycemia-
induced miR-467 drives tumor inflammation and
growth in breast cancer. Cancers. 2021;13(6):1346.

Dehesh T, Fadaghi S, Seyedi M, Abolhadi E, Ilaghi
M, Shams P, et al. The relation between obesity and
breast cancer risk in women by considering
menstruation status and geographical variations: a
systematic review and meta-analysis. BMC
women's health. 2023;23(1):392.

Munari E, Mariotti FR, Quatrini L, Bertoglio P,
Tumino N, Vacca P, et al. PD-1/PD-L1 in cancer:
pathophysiological, diagnostic and therapeutic
aspects. International journal of molecular sciences.
2021;22(10):5123.

Pesce S, Greppi M, Tabellini G, Rampinelli F,
Parolini S, Olive D, et al. Identification of a subset
of human natural killer cells expressing high levels
of programmed death 1: A phenotypic and
functional characterization. Journal of Allergy and
Clinical Immunology. 2017;139(1):335-46. €3.

Planes-Laine G, Rochigneux P, Bertucci F,
Chrétien A-S, Viens P, Sabatier R, et al. PD-1/PD-
L1 targeting in breast cancer: the first clinical
evidences are emerging—a literature review.
Cancers. 2019;11(7):1033.

Wu Z, Zhang L, Peng J, Xu S, Zhou L, Lin Y, et al.
Predictive and prognostic value of PDL1 protein
expression in breast cancer patients in neoadjuvant
setting. Cancer biology & therapy. 2019;20(6):941-
7.

Egyptian Journal of Medical Microbiology

ejmm.journals.ekb.eg info.ejmm22@gmail.com



Agqeel et al./ A Comparative Study on PD-1 and PD-L1 Gene Expression in Malignant and Benign Breast, Volume 35 / No. 3 / July 2026 Xxxx-XXX

25.

26.

27.

28.

29.

30.

Egyptian Journal of Medical Microbiology

Leitzel K, Ali SM, Shepherd LE, Parulekar WR,
Zhu L, Virk S, et al. Serum PD-L1 and outcomes in
CCTG MA. 31 phase 3 trial of anti-HER2 therapy
in first-line HER2+ metastatic breast cancer
patients (trastuzumab arm only). American Society
of Clinical Oncology; 2018.

Daud AI, Wolchok JD, Robert C, Hwu W-J, Weber
JS, Ribas A, et al. Programmed death-ligand 1
expression and response to the anti—programmed
death 1 antibody Pembrolizumab in melanoma.
Journal of Clinical Oncology. 2016;34(34):4102-9.

Zuo H, Wan Y. Inhibition of myeloid PD-LI
suppresses osteoclastogenesis and cancer bone
metastasis. Cancer Gene Therapy.
2022;29(10):1342-54.

Huang W, Ran R, Shao B, Li H. Prognostic and
clinicopathological value of PD-L1 expression in
primary breast cancer: a meta-analysis. Breast
cancer research and treatment. 2019;178(1):17-33.
Huadi NAhR, Abd FG, Mohsen LY. Estimation of
Programed Death Ligand 1 Concentrations in
Serum and Tissue Among Iraqi Breast Diseases.
Medical Journal of Babylon. 2024;21(3):659-63.
Albrecht T, Brinkmann F, Albrecht M, Lonsdorf
AS, Mehrabi A, Hoffmann K, et al. Programmed
death ligand-1 (PD-L1) is an independent negative

31.

32.

33.

34.

35.

prognosticator in western-world gallbladder cancer.
Cancers. 2021;13(7):1682.

Bertucci F, Gongalves A. Immunotherapy in breast
cancer: the emerging role of PD-1 and PD-LI.
Current oncology reports. 2017;19(10):64.

Stovgaard ES, Dyhl-Polk A, Roslind A, Balslev E,
Nielsen D. PD-L1 expression in breast cancer:
expression in subtypes and prognostic significance:
a systematic review. Breast cancer research and
treatment. 2019;174(3):571-84.

Zhang M, Sun H, Zhao S, Wang Y, Pu H, Zhang Q.
Expression of PD-L1 and prognosis in breast
cancer: a meta-analysis. Oncotarget.
2017;8(19):31347.

Sun J-Y, Zhang D, Wu S, Xu M, Zhou X, Lu X-J,
et al. Resistance to PD-1/PD-L1 blockade cancer
immunotherapy: mechanisms, predictive factors,
and future perspectives. Biomarker research.
2020;8(1):35.

Mussafi O, Mei J, Mao W, Wan Y. Immune
checkpoint inhibitors for PD-1/PD-L1 axis in
combination with other immunotherapies and

targeted therapies for non-small cell lung cancer.
Frontiers in Oncology. 2022;12:948405.

ejmm.journals.ekb.eg info.ejmm22@gmail.com



